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IRIS Summary

This paper proposes a simple but quite general framework that is useful for analyzing the
design of, and choice between, different financial intermediary structures and contract forms in a
rural credit market setting. Special attention is given to the analysis of peermonitored group loans
such as those used by the Grameen Bank of Bangladesh (and some private lenders in Chile), but the
framework extends to show how this particular contract form may or may not be chosen over or
alongside other possible financing strategies including the use of bank loans, intermediated loans
from product market trader-lenders, informal moneylenders, and self-financing. In an empirical
companion paper that analyzes findings from a fieldwork case study on the structure and operation
of the competitive and deregulated market for rural finance in Chile I find a clear pattern of credit
market fragmentation that is consistent with the model.

The paper contrasts two broad channels available to lender-intermediaries to solve or
attenuate the frequently encountered problem of moral hazard in the use of borrowed funds: (1)
collateral-based contracting designed to provide borrower’s with indirect incentives to not take
hidden actions that are harmful to the lender’s interests; and (2) more direct strategies involving
costly monitoring, helping, or other control activities in which a lender/intermediary attempts to
directly lower the borrower’s scope and gain from hidden actions.

The first type of lending strategy is most commonly associated with bank loans and other
forms of (crop and non-crop) collateral based formal lending; while monitored loan strategies are
employed by traders, contract farming firms, and informal moneylenders who lend against less
collateral but charge higher (implicit) interest charges to compensate for their costly involvement
in monitoring activities. Since traders and other monitoring lenders often not only use their own
equity but also often on-lend or intermediate additional finance from less informed outside lenders,
I model this intermediary structure as a principal-supervisor-agent problem. Intermediaries must lend
sufficiently out of their own equity (or a cosigner must assume a large enough stake in the
borrowers’ project) to credibly commit to carrying out the monitoring activity on behalf of
uninformed lenders. as described here and in the companion paper this sort of relation is often
underpinned by or leads to the development of a system of bills of exchange.

Group lending is modeled as a two-task principal-multiagent problem in which each borrower in a
group must be given incentives to choosc unobscrved actions both as an cntreprencur on his own
financed production project and as a monitor of other borrowers. The analysis shows that ’social
collateral’ can be created in certain situations but that group loans will be offered by lenders and
chosen by borrowers ahead of other forms of finance only where group members have a very
substantial monitoring and enforcement advantage relative to outside monitoring intermediaries and
where the correlation in project returns across borrowers is not too large. Other results not previously



discussed in the literature concerning group formation, collusion amongst borrowers, and the cost
and benefits of group loans are also analyzed.

In summary the paper provides a simple but rich framework for analyzing the reach and
limitations of private sector intermediary strategies that use interlinked terms and monitored lending
as devices to create collateral substitutes in order to reach poorer borrowers. However, while many
intermediary structures and innovative financial contract forms are able to go a long way to
overcome many of the trading frictions created by information asymmetries and limited liability,
such collateral substitute mechanisms are nonetheless often imperfect and costly alternatives to
physical collateral. Ultimately, the development of financial markets to sustain efficient allocations
in the real economy depends on the rising net worth of borrowers in the economy and on the quality
and efficacy of the legal institutions that help support contract enforcement.
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ABSTRACT. This paper analyzes joint liability loan contracts such as those used
by the Grameen Bank of Bangladesh designed to provide incentives to a group of
borrowers to monitor and help each other in ways that reduce the scope for moral
hazard in the use of borrowed funds and hence lower loan collateral requirements.
Building on a simpler model of monitored lending and financial intermediation
that is of independent interest, group lending is modeled as a multitask principal-
multiagent problem where sach borrower mmust be given incentives to chouse un-
observed actions both as an entreprenneur on his own financed production project
and as a monitor of other borrowers. The analysis shows that ’social collateral’ can
be created in certain situafions but that group loans will be offered by lenders and
chosen by borrowers ahead of other forms of finance only where group members
have a very substantial monitoring and enforcement advantage relative to outside
monitoring intermediaries and where the correlation in project returns across bor-
rowers is not too large. Other results concerning group formation, collusion amongst
borrowers, and the cost and benefits of group loans are discussed.

1. INTRODUCTION

A large part of all economic activity takes place within households, firms, part-
nerships, work teams and other types of group which are organized, at least in part,
around the principle of social solidarity or by property relations that imply some form
of profit sharing or joint liability. Members share in the fortunes and misfortunes of
the overall enterprise rather than just being narrowly compensated for their individu-
ally measured performance or contribution to the project. Having traditionally been
quicker to point to the difficulties and pitfalls inherent in team production rather
than to it’s possible virtues, economists have just recently begun to formally analyze
some of the ways in which joint liability might be useful to motivate members of a
group to help, pace and encourage, or to monitor, police, or pressure each other in

1
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ways that could raise the value of group production above what could be achieved
under alternative individual contracting arrangements.

One important application of the concept of joint liability are group loan contracts
designed to provide incentives for a group of borrowers to monitor and/or help each
other in ways that reduce the scope for moral hazard in the use of borrowed funds
and therefore lower the collateral that an outside lender would require relative to
individually contracted loans. A great deal of recent practical and theoretical interest
in this idea is due to the now famous and widely imitated experience of the Grameen
Bank of Bangladesh.

This bank lends primarily to very poor and mostly female borrowers arranged into
small borrowing circles. Each member of the group receives an individual loan only on
condition that she accepts liability for the repayments of other members should they
become unable or unwilling to repay.! Using this scheme, and despite the fact that
it serves a population that would be deemed not-creditworthy by most conventional
lenders, the bank has reached well over two million borrowers and reports enviable
loan recovery rates in excess of 95%. Over time the bank has become increasingly
self-sustaining and is now raises an important part of it’s lending capital by mobilizing
member savings and through it’s own debt issues (Pitt and Khandker, 1995).

Unfortunately, the performance of group lending and credit cooperatives in other
countries has been far more mixed, suggesting that the concept is by no means a uni-
versal, or one that can be easily transplanted or reproduced.? Additional theoretical
research into the precise mechanisms that make group loans work, and further em-
pirical studies of the particular social and economic circumstances where they have
succeeded or failed is clearly needed if we are to explain these divergent experiences
and to make what seems to be a good idea work better.?

1Borrowers are made liable not so much in the legal sense that the lender is entitled to seize
property, but in the sense that if one or more members in a group defaults then the other members are
punished by having their access to future loans curtailed. More detailed descriptions and empirical
evaluations of the Grameen Bank of Bangladesh can be found in Hossain (1988) and Pitt and
Khandker (1995).

2 According to Pitt and Khandker (1995), group lending programs have been quite succesfully
implemented in the Cameroon, Malawi, South Korea, Malaysia and Bangladesh but similar schemes
have had problems in India, Egypt, Venezuela, Kenya and Lesotho. See Adams and Landman (1979)
and Huppi and Feder (1990) for a review of the historical performance of group lending schemes
in several countries. For an interesting historical perspective on the early importance of credit
cooperatives in some parts of Europe and a failed transplant to Ireland, see Guinnane (1994).

8Although joint liability loans are often thought of as arrangements used primarily by non-
governmental organizations and the not-for-profit cooperative sector, they are also used by private
intermediaries. In Conning(1995) I describe a Chilean sugar beet contract farming that has used
two person joint Hability loan contracts for decades to extend substantial amounts of production
credit to collateral poor sugar beet farmers. The Spanish term for these contracts is avales cruzados
literally means crossed guarantors or crossed cosignors. The arrangement is clearly meant to act
as a collateral substitute because farmers who borrow without a co-guarantor are required to offer
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This paper contributes to that purpose by solving for the terms of an optimal joint
liability contract as the solution to a multi-task, principal-multiagent problem with
moral hazard and limited liability. Contract terms are chosen to provide each member
in the group with incentives to choose actions both on his own production project
and to monitor another borrower’s project. Both actions are costly to undertake and
can not be perfectly observed and are therefore subject to moral hazard. The optimal
contract must satisfy the borrower’s limited liability constraints, the investor’s break
even condition, must prevent the borrowers from colluding against the lender, and
must encourage group members to take actions on their respective projects and also
peer-monitor each other at minimum monitoring cost.

The group lending model is built as an extension to a simpler model of monitored
lending and financial intermediation that is interesting in its own right. Using ru-
ral credit markets as an example, the model helps to explain and contrast financing
strategies which mix and include: (1) collateral-based loans from banks, (2) mon-
itored loans from product market traders, cosignors and other types of monitoring
intermediaries who use their own capital to leverage additional outside finance, (3)
loans from moneylenders and other informal sources who lend primarily out of their
own equity, and (4) self-finance. By extending this simpler model to group lending
I am able to arrive at several predictions concerning when group contracts will be
offered and chosen over separate individual-based financial intermediation strategies.

The main result of the paper is that "social collateral” to replace missing phys-
ical collateral can be created through group loans, but only under particular cir-
cumstances. For a common monitoring technology, group loans involve much more
monitoring than simpler one sided cosignor arrangements or intermediary loans. This
is because group borrowers must in effect meet collateral requirements not just as
borrowers but also as monitors (i.e. as monitors they must be able to assume a
larger and larger liability in each other’s project). To credibly lower the collateral
requirements on a loan to the level of their available collateral assets, group borrowers
must, through sufficiently intensified peer-monitoring, bring down the collateral re-
quirement on each other’s production projects enough below their available collateral
asset levels to meet the rising liability requirement that their activity as monitors de-
mands. For this reason, group loans will only be chosen over other sources of finance
when group members have a decided cost advantage in monitoring and sanctioning
each other relative to outside lenders and intermediaries. Borrowers will prefer to join
groups where the returns to their projects are not too correlated for reasons quite
apart from conventionally defined risk sharing.

The analysis serves to highlight a point that has often been neglected in theoretical
analysis and empirical evaluations: group participation is a costly activity likely to
affect borrowers’ choices between group loan and simpler intermediated or collateral

physical guarantees instead.
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based loans, and other activities. Pitt and Khandler summarized the point well in
their empirical evaluation of the Grameen Bank and other group loan programs when
they stated: ”participation is costly, as group formation, training, and other group
activities are time consuming and involve opportunity costs of time spent in group
based activities ... [I|f there were not monitoring of the use of borrowed funds and
group responsibility and decision making in the lending program, individuals would
likely want to borrow much more than they actually do.”

The rest of the paper is organized as follows. Section 2 briefly reviews the relevant
literature on group contracting and monitored lending and highlights the contribution
of this paper. Section 3 sets up a model of monitored lending where an intermediary
lender or loan cosignor monitors a borrower on behalf of an uninformed outside
lender. The intermediary must herself become a lender in the borrower’s project or
acquire a minimum liability stake as a cosignor in order to signal her commitment to
implementing the unobservable monitoring activity. The model suggests why and how
even highly competitive lending markets may fragment or segment in the sense that
borrowers who are identical but for their initial asset holdings will obtain different
levels of access to four different types of financing regimes ranging from collateral
based bank lending, through two types of monitored lending, to exclusion. Section
4 extends the logic of this simpler model to a two person joint liability group loan
arrangement, explains the structure and mechanism of the optimal contract, and
presents several results concerning when group loans might be offered and preferred
over the individual lending alternatives of the previous section. Section 5 concludes.

2. PrEVIOUS LITERATURE

This paper brings together in a simple model two different strands in the recent
literature on agency contracting: a growing literature on monitored lending and
financial contracting which explicitly incorporates limited liability constraints and
assumes that monitoring is costly and imperfect but which has to date focused on
hiearchical rather than group based incentive structures, and a recent theoretical
literature on principal-multi-agent analysis which focuses on group contacting but
which has mostly assumed that monitoring and enforcement within the group is
perfect and costless and /or has ignored the role of limited liability constraints.

The monitored lending literature has examined situations where an intermediary
lender or cosignor acts as delegated monitor of a borrower on behalf of other less
informed investors. Banerjee et al (1994) employed this idea to model aspects of
the operation of a credit cooperative. Holmstrom and Tirole (1994) and Hoshi et
al. (1992) used a model with a similar structure and interpret the monitor to be
an intermediary lender who puts some of her own capital at risk in the borrower’s
project. The model of section 2 below captures the essence of these arguments and
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presents some new implications.*

While these authors identify important mechanisms, these papers do not address
what is perhaps the most interesting question about group loans: whether a group
of poor borrowers, without the presence of a rich outside monitoring intermediary or
cosignor patron to bear liability for their loans, can through the design of a group
contract mechanism create “social collateral” that in a sense allows them to literally
lift themselves up by their own bootstraps. To get answers to this question requires
extending the simpler principal-supervisor-agent structures used in these other mod-
els to a multi-task principal-multiagent structure.

On the other hand, most of the vast literature on groups has taken joint or team
production as ezogenously given by natural or technological externalities and then
points at the free rider problem and other drawbacks to team production that arise
when the marginal contribution of each member to production is unobservable (e.g.
Olsen, 1965; Cornes and Sandler, 1986; Holmstrom, 1982). A more recent theo-
retical literature focuses on how contract terms might be chosen by a principal to
provide incentives for team production and other interactions among agents to arise
endogcnously, even in situations where agents are not linked through the production
function.®

A very relevant application from this last literature to the problem of group loans is
the paper by Stiglitz (1990). He uses a model with moral hazard and limited liability
to argue that joint liability group loans can allow borrowers to obtain larger loans
through group based programs than through individual loans. While his analysis is
suggestive, Stiglitz’ results, like several other papers in this literature, are limited
somewhat by the fact that he proceeds under the full side-contract assumption that
monitoring within the group is achieved perfectly and without cost (Itoh, 1993; Tirole,
1990) . Under this assumption the group in effect acts like a single individual or
syndicate coordinating action levels in response to the principal’s contract. Since the

4Diamond (1984) introduced the notion of an intermediary lender acting as a delegated monitor
for other less informed lenders. Many of the same mechanisms used in this financial monitoring
literature also formed the basis for results in an earlier literature on interlinked agrarian contracts
(e.g. Braverman and Srinivasan, 1980, Braverman and Stiglitz, 1982 and as far back as Bhaduri,
1973) and the more general literature on multi-task agency analysis (e.g. Holmstrom and Milgrom,
1991).

5S)ee for example Arnott and Stiglitz (1991), Holmstrom and Milgrom (1990), Itoh (1993,1992),
Mookerjee(1984); Stiglitz (1990, 1994), Tirole(1990), Varian (1990) and others. The main result in
this literature is that the principal can be made better off by allowing the agents to side-contract on
contingencies which are not contractible to the principal. The principal can implement actions at
lower cost when the agent’s can insure each other over contingencies the principal cannot observe, or
when the principal can take advantage of the fact that the agents can perfectly monitor and hence
coordinate their effort choices. On the other hand, the principal can only be made worse off when
agents are able to form coalitions and side trades which recontract on variables that the principal
could have included in her original contract.
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new supra-individual or syndicate now owns two projects with imperfectly correlated
returns which yield a safer joint return compared to ownership of either individual
project separately. The average collateral requirement on group loans are therefore
lower because safer projects in general require lower collateral requirements because
of a well known diversification effect (Diamond, 1984).

The full side-contract assumption sweeps under the rug many interesting ques-
tions about group formation and interaction. In the model in this paper, the ability
of a group of borrowers to create ’social collateral’ will ultimately also rest on a
diversification argument but the argument is more subtle and acts at the level of
each individual borrower. By explicitly considering the costs of monitoring within
the group, the analysis uncovers trade-oifs not previously analyzed. For instance,
where Stiglitz’ diversification argument would suggest that a group of agents with
sufficiently uncorrelated project returns would always be offered and choose group
contracts over individualistic loan contracts, I show that the required costs of mon-
itoring rise faster within a group than in one sided monitored arrangements, so the
choice between group loans and other arrangements will in general depend on the
average net worth of the borrowers involved and the size of the loans as well.

The model I analyze is perhaps most similar in structure to the principal-multiagent
problem analyzed by Hideshi Itoh (1991). There are several important differences
however: where Itoh focuses on the classic trade-off between risk sharing and incen-
tives, I am interested in the trade-off between incentives and limited liability required
of an analysis of financial contracts. Perhaps the most interesting contrast is that
where Itoh arrives at the strong negative result that incentives for agents to peer-
monitor (offer ”helping hands” in his language) can only be created in the limiting
and somewhat unrealistic case where “the agent’s marginal disutility with regard
to helping effort is zero at zero help (p. 613),” I find that incentives can be pro-
vided under a wider set of circumstances. As discussed below, this added scope for
peer-monitoring arises in large part because of differences in the assumed sequence
of actions in the two models.

Finally, the approach to group lending examined here should be contrasted to the
recently published paper by Besley and Coate (1995). These authors examine the
rclated but different question of how joint liability contracts can be used to create
incentives for group members to apply social penalties on each other to alter each
member’s willingness to repay a loan after the project outcomes have been observed
(ex-post moral hazard or costly state verification). The focus here by contrast is to
find an incentive structure that deters hidden actions before outcomes are observed
and which therefore affect the borrower’s ability to repay (ex-ante moral hazard).
Both issues are important in lending markets in developing countries and would be
considered together in a more complete analysis. ‘
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3. THE MODEL

This section introduces a principal-supervisor-agent structure to study the rela-
tionship between an uninformed outside lender, a monitoring intermediary, and a
borrower. Building on this model the next section extends the analysis to group
lending. I will use the simplest possible model to make the main points and employ
examples and lending categories from rural credit markets to motivate and illustrate
the analysis.®

Consider a borrower who has access to a crop production project that requires
a non-recoverable lump sum investment I. Actual project outcomes are stochastic
and determined both by exogenous factors such as the weather and by actions and
input choices that the borrower can control. The borrower’s choices might include for
instance decisions on how the investment funds are to be used and the quantity and
quality of labor effort and other inputs in production. Ilimit attention to projects that
involve only two possible production action choices. When the producer chooses the
7high” action (or input bundle) the project is expected to yield a successful harvest
outcome z, with probability T and a failure harvest outcome z; with probability
(1 — 7). If the borrower instead chooses the low action, the probabilities are  and
(1 — x) respectively, with © > > 0.

By choosing the lower action 7 the producer is assumed to be able to divert re-
sources or apply less labor effort to the financed project and obtain a private benefit
of value B(c). This private benefit, which can also be described as the borrower’s
opportunity cost of being diligent, is assumed to depend on ¢ the amount of resources
which the lender spends on monitoring and sanctioning the borrower’s activities. The
”monitoring technology” defined by the function B(c) is described in more detail be-
low. A ”low” action might for instance involve the borrower secretly diverting a
portion of the borrowed funds from the financed project into other consumption or
production activities which deliver a private benefit to the borrower but lower the
expected value of the project returns from which a lender expects repayment. A prob-
lem of moral hazard arises because the borrower’s action is unobserved by an outside
lender or the enforcement authority and no action contingent financial contract can
be verified or enforced.

There are two possible solutions to the moral hazard problem in this context: an
indirect solution which involves structuring the returns a borrower obtains from the
contract for each possible project outcome in such a way that the borrower has the
incentive to choose the high action even though he is not directly observed, and a
direct or monitoring solution. This second solution which is complimentary to the

6The model in this paper is informed by, and has helped to frame and interpret findings from
a fieldwork case study of the market for rural credit that I conducted in Chile in 1994. Interested
readers are refered to Conning (1995) for a more detailed description and empirical analysis of the
many ways that monitored loans and other lending strategies are accomplished in practice.



8 JONATHAN CONNING

first refers to the strategy of carrying out monitoring, sanctioning or helping activ-
ities aimed at modifying the private benefits that the borrower might stand to gain
from different actions. Even when the borrower’s action choices remain unobservable
to the lender monitoring activities may have the effect of diminishing the severity
of the moral hazard to be solved through an indirect contract mechanism. There
are many ways monitoring strategies are pursued in practice. For example, in the
context of rural lending, trader-lenders and contract farming firms’” often take mea-
sures such as regularly visiting farm borrowers’ in their fields during the course of the
growing season, delivering credit advances in kind rather than as cash, and following
strict loan delivery timelines where future loan disbursements are contingent upon
interim performance reports. Each of these activities, which are evidently costly to
the lender, appear to be clearly aimed at lowering the potential private benefits that
borrower’s might stand to gain from diverting credit resources to uses other than the
financed project, and at detecting and threatening punishment should any diversions
be discovered. A more positive, and complimentary, interpretation is that lenders
visit farm borrowers to provide them with technical assistance and other forms of
"help” that have the effect of lowering the borrower’s cost of taking higher actions.
I make the following reasonable assumption of the ”monitoring technology” B(c)

Assumption 1: The borrower’s private benefits from taking the low action are given
by B(c) where B, < 0 and B, > 0 and where c¢ is the monitor’s action or erpense.

This assumption states simply that the more the intermediary lender spends on
monitoring and enforcement activities the lower will be the net private benefits the
borrower might expect to obtain from the unobserved low action, but that there are
diminishing returns to monitoring.® The monitoring (or helping) activity carried out
by a monitor is therefore assumed to complement the other borrower’s production
activity in the sense that higher ¢ lowers the marginal benefit to lower actions (or
equivalently, raises the marginal benefit to higher actions). In order to highlight
the problem caused by moral hazard more starkly, I assume that the high action
project is always profitable while the low action project is not profitable even at zero
monitoring:

B(afT) - I(1 +p) > 0> Elzlz) — I(1 + p) + B(0)

7Farm product traders and contract farming firms are intermediaries who contract to receive all
or a portion of a farmer’s expected produce at harvest in exchange for credit advances and other
services such as technical assistance delivered earlier in the season. In many parts of the world tied
credit of this sort is the main source of production finance for agriculture (Conning, 1995).

80ther shapes for the monitoring technology could also be admitted without altering the model’s
main predictions. For instance, an initial indivisibility (e.g. a lender incurs a fixed setup cost)
would imply that monitoring only has effects if above a minimum threshold. One might also at first
assume increasing (B < 0) and then constant (B, = 0) economies before diminishing returns set
in (Bee > 0).
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where E(z|T) = Tz + (1 — T)z; is the expected value of the project returns and
I(1+ p) is the return that could be earned on the investment funds I had they been
placed in a bank deposit instead of in crop production. It is clear from this inequality
that a producer who uses his own investment resources I would never choose the low
action project, and similarly that an outside investor will finance the borrower with
a loan of size I, only if she could stipulate and be assured that the borrower will
choose the high action.

There are two types of lenders on this market: uninformed lenders in the for-
mal banking sector who rely exclusively on collateral-based loans, and monitoring
intermediary lenders such as traders or informal moneylenders. This last group of
intermediaries often owe their role as monitors to specific information and enforce-
ment advantages they possess by virtue their close interactions with borrowers in
other transactions and social spheres. Borrowers can obtain loans from both, either,
or neither source of finance depending on accessibility and choice.

The contract design problem consists on deciding on how to divide the available
claims from each harvest outcome z; between returns to the borrower s;, returns to
an uninformed lender p; and returns w; to the monitoring intermediary lender so as to
implement the high action at minimum monitoring expense c. The sequence of actions
is as follows. First the parties agree to the terms of a contract and the lender(s) deliver
their loans to the borrower (I™ and/or I™). If it is Lo be a moniloring contract, at the
start of the production cycle the monitor then commits to a monitoring strategy that
involves resources ¢, following which the borrower chooses his unobserved production
action 7. In the final stage uncertainty is resolved and the claims to the observed
project outcome is divided between the parties according to the terms of the contract.
Assuming free entry into both the uninformed and monitored lending activities, the
optimal contract {w;, s;} for a borrower with collateralizable assets A is the solution
to the following program:

oo Blsim)

B(R;[T) 2 I*(1+ p)

D(w;|7) —c > I™(1 + p)

E(si|) = E(ss|z) + B(c)
E(w|T) — ¢ > E(us|x)

S; Z —A 1= 1, 2
m+r=1 I1m>0, I*“>0,

c20, zm=R+tw+t+s

[\v]

TN TN TN N N S
(9] [N

(@] (=
e N N S N

where (1) is the investor’s participation constraint or break even condition, (2) is
the intermediary’s break even condition, (3) is the borrower’s incentive compatibility
constraint, (4) is the intermediary’s monitoring incentive compatibility constraint,
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and (5) are the borrower’s limited liability constraints. The expressions in (6) are
adding up and non-negativity constraints.

The borrower’s limited liability constraint expresses the fact that total repayments
from the borrower to the lenders following any given project outcome z; cannot
exceed value of that outcome plus all of the borrower’s available collateral assets A,
so R; +w; < z; + A. Inequality (5) is then obtained by noting that R; +w; = z; — s;.

The uninformed lender’s participation constraint requires that this lender earn at
least as much from expected repayments as she could earn from leaving the same
investment funds I*in the bank. Similarly, the intermediary’s participation con-
straint (2) states that the expected value of repayments w; to an intermediary who
lends amount I™ and maonitors at optimal intensity ¢ must at least equal what the
intermediary could have earned from the bank net of the monitoring expense.

For later use note that the borrower’s incentive compatibility constraint can be
rearranged to give the more compact expression:

B(c)
Am

85— 85 >

where Am = (T — ). It is evident from this expression that an optimal contract
requires that the borrower earn more for successful outcomes than for failures so
as to provide the borrower with an incentive to raise the probability of success by
choosing higher actions.

If the contract is to involve some monitoring, and if resources are to be leveraged
from an outside lender, the intermediary will also have an incentive constraint be-
cause her monitoring actions cannot be observed by the outsider lender. Since the
intermediary’s monitoring activity lowers the borrower’s private benefit B(c) at ex-
pense ¢ and this in turn raises the borrower’s incentive to choose the high action,
raising the probability of the project being a success, the contract should reward the
intermediary for the borrower’s successes and punish him for the failures. This can be
seen clearly when the intermediary’s incentive compatibility constraint is rewritten
as ws; — Wy > ~. Like the borrower, an intermediary will be required to post bond
or collateral: to have a large enough stake in the project to not want to see it fail.
In the intermediary’s case this bond or collateral can be interpreted as a loan the
intermediary invests up front in the borrower’s project. Alternatively the monitor
can be interpreted to be a cosignor on the loan and the bond is equal to the amount
of the liability the cosignor assumes in the borrower’s project.

Four possible contractual forms or lending regimes emerge from the optimization
problem. Which loan type is optimal or best matched to a particular type of borrower
will depend on the level of collateral assets A that borrower has to offer, as stated in
the following proposition:
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Proposition 3.1. Define the Minimum Collateral Requirement function A(c) over
the domain [0,00)

(7) Ale) = ﬁ% —E(z[m)+I(1+p)+c

and define the cutoff level © from the relation f%ﬂg = —~1and ¢ = A{—:—“ﬂ. The

Optimum Monitoring Intensity ¢ = c(A) 1is defined implicitly by A = A_(c)_ over the
range [0,7]. Borrowers will be matched to different loan types according to their initial
level of collateral assets as follows:

Loan Type Collateral Assets Loan Amounts
Loans from Uninformed Lenders
(e.g. Banks and other A> A(0) ({v*=1,1"=0)

collateral based lenders)

Intermediated Loans

(e.g. Traders that leverage A(0) > A > A(Q) (I*>0,1I™>0)
additional finance from Bank)

Directly Monitored Loans

(e.g. Traders or Moneylenders AE) > A> A©) (I*=0,1Im™=1I)
who lend from own equity)

Excluded from loan market

(e.g. borrower self-finances or A(e) > A (I*=0,I™=0)

abandons production)

where I™is the loan required from the monitoring intermediary and is given by I ™1+
p) — FEA(%) — ¢(A) over the assct range A € [A(cT), A(0)) und us indicuted in the tuble
otherwise.

These results can be understood as follows. Consider first the contract offered
by an uninformed lender, such as a bank, without the presence of an additional
intermediary lender. Since there is no intermediary involved we can drop (2) and
(4) and set wy = ws = ¢ = 0. From the incentive compatibility constraint (3)
and the borrower’s (implicit) participation constraint it is clear that if collateral is
to be required at all, it will be in the failure state. It is also evident that when
collateral use is at a minimum the borrower’s incentive compatibility constraint (3)
must bind because this makes the failure repayment level Ry = z; — s; as low as
feasible (and s; as large as feasible). The binding incentive compatibility constraint
gives us the relation s, = s5 + %(g—) and therefore E(s;|T) = s5 + ﬁ%g). This last
term is the minimum expected value of returns that must be left with the borrower
if the incentive compatibility constraint is to hald and the horrower is to pay out

no more than the full project outcome and available collateral in the failure state.



12 JONATHAN CONNING
Substituting this into the investor’s break even condition yields:
B(0

The lowest repayment Ry = xy — sy such that the above constraint holds exactly
and the investor just breaks even defines a minimum cutoff A(0) = — s;. This valuo,
A(0), is the minimum collateral requirement for an uninformed (e.g. bank) loan and
is given by:

B(0

(8) A0) = ﬁA—W) — E(z|T)+ I(1 +p)

Borrowors with assots A >A(0) will have access to loans that require minimum
collateral requirements of exactly A(0)and will earn E(s;|T) = —A(0) +7 —Bigl
E(z|7)—1(1+p) in expected value, the expected project outcome net of the minimum
expected repayments required for the investor to participate. The cost of funds to
the borrower is therefore p, exactly the lender’s opportunity cost of funds, or the
lowest market rate.

Borrowers who do not have sufficient assets to meet these requirements will be
excluded from pure-collateral based loans but may still obtain finance through more
expensive monitored loans. To consider these cases, note that under the free entry
assumption intermediary profits are driven to zero so the intermediary’s break even
constraint should hold as an equality. Substituting solution wy = 0, ws = A= (which
can be seen to satisfy the intermediary’s monitoring incentive compatibility constraint
(4)) into the intermediary’s binding participation constraint (2) yields an expression
for the size of the minimum required intermediary loan for any level of monitoring
intensity:

m ¢
(9) I (1+,0)——7TA—7I_—C

The intermediary lender is made liable for the borrower’s actions because she stands
to lose I™(1 + p) + ¢, the full value of her investment plus the monitoring expense
¢ when the project fails, but earns a positive return [é —I™(1+4p) + c] when the
project succeeds, so as to just break even on the investment. The amount of this
liability is just enough to make the intermediary to monitor the borrower sufficiently
to take the high action. To solve for the minimum collateral requirement when
there is a monitor involved, simply substitute (9) and E(s;|T) = s; + %753 (from
the borrower’s incentive compatibility constraint) into the investor’s participation
constraint (1), and rearrange terms as before to obtain:

A(e) =72
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FiGURE 1. Collateral Requirement and Monitoring Intensity

The minimum collateral requirement on an uninformed loan in (8) is therefore just
a special case of this more general collateral hurdle with monitoring intensity set at
Zero.

Whether or not monitoring lowers the minimum collateral requirement on a loan
will depend on the nature the monitoring technology. There are two effects. On
the one hand monitoring lowers the borrower’s private benefits from side activities,
relaxing the borrower’s incentive compatibility constraint, lowering the enforcement
rent that must be left with the borrower by 'ﬁ—BAﬁ% and lowering the collateral re-
quirement. On the other hand, monitoring is a costly activity which must be paid
for, so expected total project surplus is reduced which raises the collateral require-
ment. If we assume that ﬁ%%)l > —1 then the first dollar spent on monitoring lowers
the collateral hurdle. Because of diminishing returns to monitoring however, beyond
some monitoring intensity €, the marginal benefit from an extra dollar spent will not
compensate the marginal cost (  is given by WB&TE = —1) so no further monitoring
is worthwhile. Figure 1 shows how the minimum collateral requirement might fall

over the range (0,¢) aud rise thereafter.

Corollary 3.2. Monitored lending is more expensive than uninformed lending. The
implicit interest rate on loans is non-increasing in the given by p(A) = p+ ? , with
p'(A) <0 over the range A(0) < A < A(e).
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The borrower’s return on a monitored contract is easily calculated to be E(s;|T) =
E(z|7) —I(1+p)—c. Monitored lending is therefore more expensive than uninformed
lending, so only borrowers with assets below A(0) excluded from direct bank loans
would consider this form of lending.

The optimum monitoring intensity c¢ still remains to be determined. It is clear
however that monitored borrowers will choose loans that involve only just as much
monitoring as needed to lower the collateral requirement to the borrower’s available
asset level A. The optimal level of monitoring is therefore that level at which A =
A(c). Call this level c(A) =A(A). The optimal monitoring level ¢(A) is higher for
borrowers with lower collateral assets so it follows that poorer borrowers will use
a larger proportion of monitored lending I™ as drawn in figure 2. Because poorer
borrowers are more heavily monitored and monitoring is expensive, poorer borrowers
pay a higher implicit rate on borrowed funds. From E(s;|T) = E(z|T)—I(1+p)—c(A)
the implicit interest rate on a monitored loan is calenlated as p(A) = p + ﬂ;—@ which
is non-increasing in borrower’s collateral holdings.

Il
Money-g ;
ol Excludedf lender| ¥ Traders . Banks
L
A(®) A®) AO)

FIGURE 2. Proportion of monitored finance in total borrowing.

By lending I™ the intermediary eslablishes a stake in the borrower’s project which
provides her with the incentive to monitor, and it also lowers the size of the remaining
investment [* = I — I™ required to have the project fully funded. An uninformed
- lender will be willing to step in and make the remaining investment /[ precisely be-
cause the investment I™ signals that the project is being monitored. This is the sense
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in which the monitoring lender is also an intermediary: she facilitates or intermediates
funding from other less informed sources. ~

When mouiloring inteusily has reached a point € defined by I"™(1+p) — T —C —
I(1+ p) the loan requires so much monitoring that the intermediary’s required partic-
ipation makes up the full required lump sum investment /. From this point on there
is no outside investor left to persuade, and the monitoring lender will be lending en-
tirely out of her own equity. Monitoring intensity eventually reaches level ¢, beyond
which further monitoring becomes counterproductive. This defines an absolute min-
imum collateral requirement A(¢), below which borrowers will be excluded from the
loan market.® Several studies have characterized informal moneylenders precisely in
these terms they lend primarily out of own equity, they monitor and screen borrow-
ers heavily and often at substantial cost, and they charge high interest rates (Aleem,
1994; Bell, 1994). Venture capital lending in many developed countries may have
some similar attributes.

4. GrROUP LENDING

In a peer-monitored group loan each member must be given incentives to act in
two different roles: first as a borrower responsible for choosing action level 7 on
his financed production project and second as a monitor deciding on the monitoring
intensity ¢ with which to oversee and sanction the actions of other members in the
group. The structure of the problem is therefore that of multi-task principal-multi-
agent problem.

I focus the analysis on a symmetric two member group. Using this symmetry, and
to economize on notation I will describe the contract below almost exclusively from
the perspective of borrower one. Where ambiguity could arise I will use superscripts
to denote variables corresponding to each borrower. Thus z¥ means a project outcome
i for borrower k, and so on. Denote by s;; the return to borrower one following an
outcome z} on his own project and an outcome of m? on borrower two’s project. Since
there are four possible joint outcomes the reward schedule for each borrower is given
by a four dimensional vector (sss, Ssf> Sty SFf)-

The joint probability of an output pair (z;,23) induced by the production functions
when the action pair 7!, 72 is chosen will be denoted IL;(n!, 7). I will assume that
there are no production externalities, so each borrower’s production project is affected
in a direct technological sense only by his own action level. Initially, I also assume
that the outcomes from the two borrower’s projects are statistically independent, so
IL;(w!, n®) = m} - 7 for each (4,) and (m!,7%). These assumptions serve to isolate

9Tve assumed that the farmer’s own participation constraint does not bind before monitoring
level T is reached. If the farmer’s reservation utility is given by K, then his binding participation
constraint B{s,|an) = EB(z,|ap) —I(1 | r)—c = K dcfincs a cutoff lcvel o E(z|an)—I(1 1 7) K.
1 assume therefore that ¢ < c*.
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and distinguish the mechanism analyzed here for why interdependent repayment rules
may be optimal from the explanations suggested by joint production and relative
performance evaluation (RPE). Later in this section and in the concluding remarks I
discuss how the results change as the statistical independence assumption is relaxed.
Given these assumptions, the joint probabilities can be written out simply. For
example, (M, 1) =7 - (1 —u)

Just as the intermediary monitor was unable to, group members cannot observe
each other’s production project actions perfectly. As before the monitoring function
B(c) described in assumption 1 captures the idea that by spending time and resources
worth ¢ on monitoring and sanctioning (and/or helping) activities monitors cum
borrowers may be able to lower the private value that the other borrowers in the
group stand to gain from taking the low actions. In this context ¢ might measure for
instance the amount of time and resources members devote to attending meetings,
visiting each other and socializing, hiring a group supervisor, pressuring each other
to behave responsibly, etc. Another simple but reasonable interpretation is that the
private gain a borrower stands to gain may be lower simply because of the fact that
he is more likely to feel guilty or bad or to face credible retaliation by cheating on
a friend or community member who has shown a willingness to become liable and
spend time and energy on the group project, than he is by cheating on a faceless
bank clerk or government bureaucrat to whom he owes no particular loyalty. This
last argument clearly appealsto social interactions which are outside the realm of
what can be easily modeled in a one period model and to what has at times been
called the "moral economy” of the community (Scott, 1976).10

The loan contracting problem can be thought as a mechanism design problem. The
terms of the contract s;; determine the structure of a game in monitoring intensities
and action choices played between the two borrowers. The offered contract must
satisfy incentive compatibility constraints, the limited liability constraints s;; > — A
and the investor’s participation constraint. The desired outcome is to induce each
borrower to choose an equilibrium monitoring intensity c at a first stage of the game
which then sustains or implements the desired high action choice 7 as the equilibrium
outcome of the final stage of the game. Since monitoring is an expensive activity, an
optimal contract will clearly set ¢ as low as possible to sustain incentives.

Figure 3 depicts the game played between two borrowers receiving contract {s;;}.

10This interpretation is consistent with several descriptions of way group lending schemes work.
Descriptions of the Grameen Bank scheme highlight the intense loyalty and at times near-religious
fervor that is generated and expected from group members. Heavy social presure is placed on
members to attend meetings in which they are regularly made to make solemn oaths to one another
(Pitt, 1995). Group members are made to internalize feelings of remorse, guilt or shame for taking
actions that might hurt others and to feel pride for actions that help. '

Conning (1993) discusses how recent economic models of contracting may contribute to a better
understanding of the so called moral economy.
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At the first stage the borrowers play a game in monitoring intensities.!! Given a
contract, each possible monitoring intensity pair (c!,c?) chosen at this first stage
determines the payoff structure of a subgame in actions at the second stage. This
subgame will be denoted {(c!, c?). The equilibrium outcomes and payoffs for each of
these subgames must be calculated before we can calculate the payoffs and equilibrium
outcome of the first game in monitoring intensities. We will therefore be searching
for a subgame perfect Nash equilibria (SPNE) of the two stage game. Figure 4 shows
the payoffs to any particular subgame in action pairs while the bottom of figure 4
indicates four such subgames ((c,c), ((0,¢c),((0,¢),{(0,0) that will be important in
establishing the equilibrium and disagreement payoffs in the overall game.

FIGURE 3. Game Tree (first stage in monitoring intensities c)

For contract s the expected return to borrower one from his production activ-
ity (which may include repayments required to cover the other borrower’s failure) is
denoted F(s;|nt, 7?). For example

E(si;|m, T) = &[T $es + (1 =) s6] + (1 — @) [Ts5s + (1 — T)s4]
wonld denote the expected payoff for borrower one (two) when borrower one (two)
chooses the high action choice borrower two (one) chooses the low action choice, and
so on for the other action pairs. The total final payoff to borrower one must however
subtract the costs of monitoring and add in any private benefits that might have been

captured by choosing the low but privately beneficial action level on his production
project. For example F(s;;|m,T) — ¢! + B(c?) is the final payoff just described when

111n the figure B1 indicates borrower one, B2 is borrower two, and the dashed arched line indicates
that the monitoring intensities ¢ are chosen simultaneouslyand from a continuum (0,¢9).
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C(cl’ c2 ): Borrower
- Two
T n
T E(s;| 7, 7) - ! E(s;| 7, ) - ¢!
E(sy|m,m)-c*  |E(s;| w, @) - 2+ B(ch)
Borrower '
One
. E(s; | 7, 7) - ¢!+ B(?)| E(s; | & 1) - ¢! + B(c?)

E(s;|mm)-c?  [E(s;lm, m) -¢* +B(c')

FiGure 4. Payoffs in subgame ¢(c!, ¢®)

borrower one (two) monitors at cost ¢! and borrower two (one) monitors borrower
one (two) at intensity c2.

The main results of the paper can be summarized in the following proposition
which will be proved and explained in the text below and with the aid of figures 5
through 7.

Proposition 4.1. If B.(0) < —%, then a symmetric joint liability loan contract
s:; will be available to borrowers with assets in the range A € (A(0), max[A?(c9), A%(c)]).
The contract induces a monitoring intensity c(A) defined implicitly by A = A%(c)
where

(10) w0 =7 2652 _ Baim + 10+ )
and _ -
(11) Ale)=T7 %{—;—; — E(z[7)+1(1+p)
The optimal contract s;; will_have t;e -following simple structure sgs = —A%(c) +
Z(c), ssf = sps = sp5 = —AI(c), where A%(c) is defined as above and Z(c) = %;L—C

The details of the proof are in the appendix but substantial economic intuition for
the result can be obtained by examining the characteristics of the proposed solution.
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Suppose for a moment that an outside intermediary lender has access to exactly the
same monitoring technology B(c) that is available to the borrowers cum monitors
in a group. How does the minimum collateral requirement on s group loan .49(c)
compare to requirement on individual loans A(c) (defined by (7)) that each member
might instead establish with an outside lender? A little rearranging demonstrates
that the relationship between the two collateral requirements is given by:

9(c) = S
Af(c) = A(e) T
Notice that, for a contract requiring monitoring intensity c, the intermediary monitor
in the last section was required to make a minimum investment of I"™(1+4-p) = T+ —c
, exactly the amount expressed in the last two terms on the right hand side. This
was the size of the minimum stake or liability an intermediary lender or cosignor had
to have to be a credible monitor in the eyes of an outside investor. We therefore have

(12) A9(c) = A(e) + I™(1+p)

This expression has a very intuitive interpretation: since each member in the group
is acting in two capacities — both as a borrower and as a monitor, and both of these
activities are subject to moral hazard, a contract will require that the borrower cum
monitor post collateral for both activities. This immediately leads to the following
corollary observation:

Corollary 4.2. A peer-monitored loan will be preferred over an outside intermediary
or cosignor loan only if the group monitoring technology B?(c) offers a decided advan-
tage over the outside intermediary’s monitoring technology B(c). More specifically,
there will be gains to using a group loan when the group monitoring technology B9(c)
satisfies B9(c) < B(c) — =

The result can be easily seen by examining figure 5'2. Since % > 1 under the
maintained assumption that 7 > & > 0, if the members of the group and the outside
intermediary have the same monitoring technology B?(c) = B(c), then from expres-
sion (12) A%(c) > A(c) at any level of monitoring. Put differently, for any level of
available collateral assets a peer-monitored loan will always involve more monitoring
and be more expensive to the borrower, unless the group members can monitor at a
much lower cost than the outside intermediary.

Group loans involve more monitoring than intermediary loans because group mem-
bers must monitor each other more heavily in order to push the collateral require-
ment on their production loan (A(c) in expression (12) above) far enough below their

12The dashed diagonal line in the figure and which restricts the avsilable group loan contracts
arises from the “no collusion” constraint 4%(c).
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FIGURE 5.

available collateral asset level A to have resources to meet this second collateral re-
quirement (I™(1 + p) in the expression). After a point, as monitoring intensity c is
increased, this second collateral requirement starts to rise more rapidly than the first
one falls because of the diminishing returns to monitoring. It should be clear that
if they share the same monitoring B(c) then intermediary lending will also have a
lower absolute minimum collateral requirement and hence be able to reach down to
serve poorer borrowers. This is depicted in figure 5 by the fact that the curve A%(c)
burns up belore Lhe curve A(c) does.

As described in further detail below and in the appendix, the contract must also
satisfy a constraint which prevents the borrowers from colluding to choose an action
and monitoring sequence that is different from the one the lender intends to imple-
ment. This constraint is represented graphically by the rising diagonal line 4%(c) in
figures 5 and 6. Only points along the solid portion of the line A4%(c) and above A9(c)
satisfy all the constraints on the contract.

In many circumstances it is reasonable to assume however that the members of a
group possess information and enforcement mechanisms that place them at an ad-
vantage relative to an outside intermediary. Using (12) it is easy to see that there
may be gains to using a group loan so long as the group monitoring technology B(c)
satisfies B?(c) < B(c) — Zc. Figure 6 draws a situation where this condition is satis-
fied. As indicated in this figure, borrowers with collateral assets A € (A(0), A%(c,))
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FIGURE 6.

will prefer a loan through a group loan contract over a monitored loan by an outside
intermediary because it is cheaper over this range.

As drawn in the figure, group loan contracts become infeasible for borrowers with
assets below A(c,) because the cost of providing incentives to participate in group
activities simply rises too fast. Borrowers with assets below this range will instead
turn to moneylenders or to other monitoring intermediaries. This result can also
be interpreted as saying that very poor borrowers are not likely to be selected into
joint liability groups, and, instead will obtain finance from moneylenders and other
informal sources. As in the previous section, the very poorest borrowers will be
excluded from the credit market entirely unless they request very small loans. Many
other situations could be constructed by making alternative assumptions on B9(c).

When comparing group arrangements to alternative lending arrangements we must
bear in mind that the total cost of funds to the borrower includes the cost of partic-
ipation in group activities and not just the monetary cost of funds. As the following
remark makes clear, just because a group loan asks for lower monetary repayments
(e.g. what appears to be a low or subsidized interest rate relative to other informal
sources), does not mean it will always be preferred to other types of lending. The
expected value of monetary repayments received by the outside lender in the case of
a group loan is given simply by the bank rate I(1 + p) while for the intermediated
loan it is I(1 + p) + ¢(A). In either case, net of monitoring costs the outside lender



22 JONATHAN CONNING

earns (1 + p) on each dollar invested.

Several final remarks on the structure of the problem and the proposed solution
are in order. The first concerns the subject of collusion among group members.
In addition to the concern of making sure that the contract provide individualized
incentives to each group member, we must also take care that the members in the
group do not discover that it is in their interest to collude to coordinate their actions
and choose a course of action that is prejudicial to the outside lender. As shown
in more detail in the appendix, this problem arises because there are in general
a multiplicity of Nash equilibria that any given contract can implement (see also
Mookerjee (1984)) To avoid this from the contract must be designed so that the agents
obtain a higher payoff from choosing the intended equilibrium. This requirement of
course imposes additional constraints on the problem and therefore can only further
reduce the feasible contracting region. In this model, the no collusion constraint
requires that the group members receive a higher payoff from the optimal monitoring,
high action sequence relative to another zero monitoring, low action equilibrium. This
constraint leads to the diagonal line A9(c) in figures 5 and 6.

In a joint liability contract each borrower in a sense divests himself of part of his
own project in order to acquire a stake in the other borrower’s project by becoming
a monitor/cosignor. Each member is left with a safer, more diversified portfolio of
projects which calls for a lower collateral requirement. The ability of the group to
create social collateral, so to speak, rests on a version of the collateral diversification
effect identified by Diamond (1984) and which has formed the basis for many results
in the agency contracting literature. 1'he economic principle is this: the total collat-
eral requirement on two less than perfectly correlated projects will in general be set
lower than on two perfectly correlated projects (or one single project twice the scale)
because by funding two projects simultaneously the lender is in a sense allowing the
borrower to pledge the expected returns from one project for the missing collateral for
the other project and vice-versa. A successful project outcome from one project can
cover the losses from a potential failure on the other project so the lender has effec-
tively increased the expected returns he can capture in the failure state on any given
project without increasing the physical collateral requirement. This of course also
increases the incentives for the borrower to work to raise the probability of success
on each project because where he previously lost only his limited physical collateral
assets for failure on any one project he now risks losing the positive returns he might
have earned on other projects.

It is important to note that much of the scope that exists for making joint liability
loans work depends in a crucial way on the assumed timing of the game. As is
common in the literature on monitored lending and hiearchical agency structures,
I have assumed that the monitoring action that the monitor/supervisor takes to
modify the (other) borrower’s goals are chosen and set in place prior to the borrower’s
choice of productive action. Any threatened or implied sanctions that might form
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part of this monitoring strategy are therefore assumed to be credibly known to the
borrower to whom they are directed. This assumption seems reasonable enough in
many circumstanccs, given the way that many of thesc loans arc implemented, but
it also serves to highlight and underscore these practices. For instance, the extent
of each group member’s joint liability must be clearly and credibly established when
the contract is offered, and many of the aclivities associaled wilh monitoring and
sanctioning such as attending group meetings, making visits to the other borrower’s
project, etc. are programed to take place ahead of the time the borrower chooses
all his production actions or contemplates diverting funds. As the following loosely
stated remark makes clear, the possibilities of group lending change dramatically
under the alternative assumption that monitoring and productive action strategies
are chosen simultaneously:

Remark 4.1. If the structure of the game is modified so that each borrower-cum-
monitor chooses his monitoring and productive activity actions simultaneously rather
than sequentially, then the scope for creating social collateral through peer-monitoring
collapses.

This result is reminiscent of the strong negative result obtained by Itoh (1991) that
teamwork will only be optimal under the assumption that the marginal disutility of
monitoring effort is zero at zero monitoring. To see why this remark is true: assume
otherwise, in other words assume that a group contract exists which implements the
symmetric action pair. Since this is the assumed Nash equilibrium outcome, (7, c)
must be a symmetric best response. But it is easy to see that this cannot in fact
be the case because borrower One will reason that his best response to (7, c) is in
fact (7,0); given that borrower two will choose the high action borrower one can
only gain by economizing on the costly monitoring activity e¢. But borrower two
will then reason that his best response to borrower One’s (7, 0) is (x,0),'* which in
turn leads borrower one to change to (z,0). And so the only symmetric equilibrium
action-monitoring strategy of the game is (=, 0).

My analysis therefore shows a way out from Itoh’s dilemma and points to another
delicate aspect of the design of group contracts. One should conclude that it is not
enough to simply create a joint liability contract to induce peer monitoring, but that
the contract must also rely on a particular timing sequence and/or a commitment
technology. '

Finally, note that the derived optimal contract has a rather extreme shape that
loads all rewards to the borrower on the joint outcome z4s. This type of contract is
known as a "live or die contract,” is in general the optimal contract where agents
are risk neutral and are subject to limited liability. As argued by Innes (1990) and
Conning (1995) however, when additional monotonicity constraints are imposed on

%] am assuming here that the borrowers considered do not have enough collateral to credibly
commit to implementing the high action a; under individualized loan contracts.
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the problem (constraints which can be justified on the grounds of no arbitrage across
contracts), the optimal contract for risk neutral borrowers becomes a standard debt
conbract.’ The basic trade-ofls involved in a group loan contract will not change
by introducing this additional structure, and the optimal contract would still involve
joint liability although, clearly, the scope for lowering collateral requirements will in
general reduced whenever new constraints are imposed.

5. CONCLUSION

Much of the physical and legal institutional infrastructure which sustains and en-
forces economic transactions and that is taken for granted in more affluent and devel-
oped areas is often either imperfectly established or entirely missing in poorer areas,
developing countries, and economies in transition. In such circumstances lenders of-
ten find that it is simply unprofitable to lend to small and poor borrowers without
additional collateral guarantees, even when they are free to charge any interest rate
they want to recover their monitoring and enforcement expenses. The problem is not
that there are no working institutions in these environments. One often discovers in
fact a very rich set of local institutions, customs and kinship ties that serve to define
and enforce social and economic interaction, and often quite efficiently. The problem
is rather that outsiders who might be able to bring trade and finance opportunities
find that it is difficult and costly to enter, understand, and participate within these
local institutions, and therefore simply opt to stay out. If the poor are to have a
fair chance to build upon their energies and abilities rather than be limited by their
own initial wealth position, what is needed are effective intermediary institutions
and contractual arrangements that build bridges to outside opportunities for credit
and trade but which respect and harness the rich existing information and informal
sanctions base that already exists within these communities.

The simple model I have presented in this paper has analyzed one important mech-
anisms which explains how such lofty sounding ideas might be, and have been im-
plemented, but which also serves to highlight some of the difficulties, trade-offs and
hidden costs involved.

There are several directions in which this research might be extended. Allowing the
analysis by allowing the borrowers continuous action choice sets and more importantly
allowing multiple project outcomes is not likely to add much in the way of new insight
but would require a substantially more technical analysis.’® The virtue of working

14Very loosely, monotonicity constraints require that the repayment due to a lender be non-
decrcesing in the size of the projcet outcomes. Notc that monotonicity constraints impose signifi-
cantly less structure on the contract than the sort of linearity assumptions more commonly imposed
in the literature.

151f borrowers could choose actions from a continous set, the borrower’s private benefit function
for a given action choice a and monitoring intensity ¢ could be denoted B{a,c). A positive cross
partial term B,. > 0 would indicate that the monitoring/helping activity c raises the marginal
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with a simpler model is not only that it often affords clearer intuitions, but also
that it allows us to solve for the exact terms of the contract and see how these
respond to changes in the model’s parameters. This approach is especially useful
when considering problems with limited liability constraints because such problems
are not readily analyzed using many of the standard tools of marginal analysis and
the first order approach commonly employed in the agency literature (Grossman and
Hart, 1983).

The problem analyzed here would be complicated in interesting ways by introduc-
ing risk averse borrowers and at the same time allowing a more general correlation
structure in the borrower’s project returns. Several complimentary and offsetting
forces would then come into play to shape the final optimal contract. On the one
hand the contract might want to encourage monitoring interaction among the mem-
bers through joint liability contracts for the reasons analyzed here and by Itoh (1991).
To harness this effect, the contract would in general make each borrower’s reward
an increasing function of the measured performance of other borrowers in the group.
If however there is sufficient correlation structure in project outcomes, the contract
may also want to link the reward due to one borrower to the performance of other
borrowers for the reasons identified in the the relative performance evaluation (RPE)
literature. Most of these analyses have examined contracts that work in the opposite
direclion [rom the joint liability structure oullined here: each burrower’s reward is
made to be a decreasing function of the other borrower’s measured performance. As
Itoh (1991) points out however there are situations where the reverse can also be
optimal for RPE.

While RPE-type contracts may be beneficial for risk sharing reasons, the incentive
structure they create might at the same time encourage agents to sabotage and ham-
per each other’s performance. While these two effects will typically be in conflict, in
a somewhat more general setting a lender might be able to design a structure that
involves elements from both types of contract. For instance the lender might group
borrowers into small borrowing circles within which joint liability incentives to en-
courage peer-monitoring is applied but at the same time utilize a relative performance
evaluation structure between gronps. The gronp’s reward (for instance how much le-
niency or loan forgiveness the lender allows in response to failed project outcomes)
will depend on the performance of other groups in the lending scheme.

return to higher productive actions a, and the principal will in general want to create incentives
for the agents to cooperate. Contrarywise, when B.. < 0 one agent’s action ¢, gets in the way or
sabotages the other agent’s production choice and the principal will in general want to dissuade
interaction.
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APPENDIX A. APPENDIX

For the proof below it will be useful to know, for a given contract s, how the
payoffs, and hence the equilibrium outcome of the subgame in action choices changes
in response to the monitoring choices made at the first stage of the game. The
following functions summarize the payoff in each of the four cells of subgame ((c,¢) :

HH(C’) : E(Sijlf,f) —C
LH(d) : E(s4]m,T) — ¢+ B(c)
HL(d) : E(ay|7,m) ¢
LL(¢) : E(sy|lm, @) — c+ B(¢)

For example, LH(c') indicates the payoff to borrower one (two) when he chooses
the low action 7 and monitors the other borrower at intensity ¢ and he is in turn
monitored at intensity ¢ and the other borrower chooses the high action 7. Figure
7 draws these graphs as a function of ¢’. Note that the the vertical intercepts will
in general depend on the terms of the offered contract — the figure is drawn for the
proposed optimal contract as explained below.

(13)

LH(OX
; E(s;/,8)-c
E(s;| a,4)- ¢+ B()
D
HL(0) E lf\_ HL(o): E(s;|d.2)-c
LL(c): E(syl 2 a)-c+B()
o c - -

FIGURE 7. Payoff to Borrower One when Borrower Two monitors at ¢
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Proof of Proposition 4.1 :

To show that the proposed contract s;; is optimal I must show that at the induced
subgame perfect Nash equilibrium (SPNE) of the game each borrower chooses the
action pairs (7,c) (where ¢ = ¢(A) is defined as in the proposition) and that this
solution cannot be improved (i.e. that monitoring expense is at a minimum). For
(7,7) to be the Nash equilibrium of the subgame ((c,c) then T must be a best
response to 7 and vice-versa. This requires that the following incentive compatibility
constraint be met:

(14) HH(e,c) > LH(c,c)

Writing out this inequality using the proposed solution structure and rearranging

yields:

7Z(c) — A%(c) — ¢ > TnZ(c) — A(c) + B(c)
Z(c) > Bkt

TAT

where as before Ar = (T— ). Substituting this expression into the investor’s binding
participation constraint we get'

B(Bylm, 7) = B(alT) - Bslw,m) = I(1+ p)

which allows us to find an expression for the minimum collateral requirement at which
this condition is met and the investor just breaks even:

E(zT) — (7)?Z(c) + A°(c) = I(1 + p)
A9(c) = TEQE — E(aiT) + I(1+ p)

This is expression (10) in the proposition.

Several other constraints must be met to assure that the required symmetric mon-
itoring intensity c(A) is sustained as a Nash equilibrium at the first stage. As will
become clear we need be concerned primarily with the condition that the borrowers
in the group get a higher payoff from monitoring at intensity ¢(A) than from aban-
doning monitoring altogether. This can be interpreted as the borrowers in the group
colluding against the lender by accepting a contract but then together choosing zero
monitoring and the low input choice . No collusion requires that:

HH(c,c) > LL(0,0)
(15) E(sy|7,7) ~c¢ > E(siylz, ) + B(0)
18We are nsing the additive separability of the investor’s participation constraint and the symme-

try in the repayments received from each farmer to express the investor’s constraint only in terms
of farmer one.
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Writing this inequality out in full

T80o +T(1 — )80 + (1 = F)Tsp0 + (1 = T)2855 — € >
Tsss + (1 — )55 + (1 — m)msss + (1 — m)%s55 + B(0)

A little thought reveals that this constraint can be met at minimum collateral expense
by using a contract that places as much of the rewards as possible to the borrower
on sss and sets the other s;; as full payments out of collateral (Conning, 1995; Innes,
1990). This is the diversification effect that makes group loans work and the key for
understanding the rather extreme structure of the proposed solution.'” Substituting
a contract of the proposed shape into expression (15) above yields:

T Z(c) — A%(c) — ¢ > (x)°Z(c) — A%(c) + B(0)
Z(c) > B(0)+c

T2—72

which, after substitution into the investor’s participation constraint requires that the
minimum collateral requirement meet the following restriction:
B(0)+c
A>T [_( ) +

2| - B + 10+0) = 20

which is expression (11). In figure 6 the locus of points above the rising diagonal line
A%(c) satisfy this relationship. Note that as drawn in figure 7, HH(0) = LL(0) so
constraint (15) is met exactly.

We are now in a position to analyze the equilibria of the different subgames to
trace out the equilibrium game play. Consider first the subgame ((c,c). It has
two symmetric Nash equilibria: (7, 7) and (m, 7r) but the first gives a higher payoff to
both borrowers. The first equilibrium is evident because by construction the contract
satisfies HH(c) > LH(c). To see that (m,x) is also an equilibrium notice that at
any given ¢ the fixed vertical distance between HH(c') and HL(¢) is larger than
the fixed vertical distance between LH(c) and LL(c),!® so given the no collusion
constraint HH(c) > LL(0), the graph of HL(c) and LL(c) will always intersect at
some point ¢** to the right of the monitoring intensity ¢ that we wish to implement.
This in turn implies that LL(c) > HL(c) as indicated by point D being located
above point F in the figure, so « is in fact a best response to 7 and vice-versa. It
is natural to assume that the borrowers coordinate on the first equilibrium because

HH(c) > LL(c).

1"Bevause placing rewards on the single signal 55 provides the strongest signal that the borrower
cum monitor has chosen @ and ¢. It is easy to show that this is always the case for py, > p; > % For
a more detailed discussion see Conning (1995).

18Proof: Assume not. Then HH(c) — HL{(c) < LH(c) — LL{c). Writing out the terms for this
expression at the proposed contract and simplifying leads to the expression prZ(c) < pZ(c), a
contradiction since by assumption pp > p;.
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Consider now subgame ((0,¢) and equivalently, ((c,0). (7,7) cannot be a Nash
equilibrium of that subgame because LH(0) > H H(0) so borrower two will choose 7
as a best response to 7. Bul borrower vue will in turn choose  as a best response
to m because LL(c) > HL(c). Since borrower two will choose 7 as a best response to
borrower one’s & because LL(0) > HL(0), (7, 7) is the unique Nash equilibrium of
these games. Moving back in the game tree, since the equilibrium payoff HH(c) to
borrower one from subgame ((c, c¢) is higher than the equilibrium payoff LL(c) from
subgame ((0,c) it is evident that ¢ is a best response to c at the first stage.

Consider finally the subgame ¢(0,0). It is evident that HH(0) < LH(0) so (7, 7)
cannot be a Nash equilibrium of that subgame. On the other hand 7 is a best re-
sponse to 7 and vice-versa because LL{0) < HL(0). Therefore (m,7) is the unique
symmetric Nash outcome of the subgame. Moving back in the game tree it is clear
that borrower one will choose monitoring intensity zero as a best response to borrower
two’s zero monitoring choice.

Both (c,c) and (0,0) are therefore Nash equilibrium of the game in monitoring
intensities, but by the no collusion constraint (15) the symmetric payoff to the two
borrowers is al least as high [rom chousing (c,c) as it is from choosing (0,0) so the
borrowers will choose the former and {(7, ¢), (T, ¢) } emerges as the choosen subgame
perfect Nash equilibrium of the overall game.

To see that the proposed solution minimizes on monitoring costs note that the
borrower’s overall return E(s;|T,7) = E(z|7) 4+ I(1 4 p) — ¢ will be maximized when
monitoring intensity is at a minimum. The minimum monitoring intensity is obtained
when the borrower uses all of his available collateral resources, at A = A9(c), which
is the value used in the proposed optimal contract.

A last step is to check whether there are in fact any gains to monitoring within
a group, in other words whether d:cq};e first dollar spent on monitoring reduces the

C

collateral requirement or whether %—ZICZO < 0. This condition simplifies to B.(0) <

—%, the condition stated at the outset of Proposition. B
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